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AppL No. 10/809,773 
Amendments to the Claimg 

This listing of claims will replace all prior versions in the application. 

1. (Previously Presented) A method for impro\rfng at least one of a 
surface finish and a surface integrity of a workplace formed or sliaped with a tool, the 
workpiece having a surface hardness, comprising increasing the surface hardness of the 
workpiece during forming or shaping of the workpiece with the tool by jetting cryogenic fluid 
from a jet of the cryogenic fluid at at least a portion of the tool at an impingement angle (a) 
greater than about 30^ and less than about 90°, and then said cryogenic fluid impinges the 

' workpiece at a spread angle (P). 

2. (Previously Presented) A method as in claim 1 wherein the spread 
angle (0) is sudi that the cryogenic fluid impinges at least the entire length of contact 
between the tool and the workpiece. 

3. (Previously Presented) A method as in claim 1, wherein said method 
further comprises the step of impinging at least a portion of sakl workpiece or at least a 
portion of said tool with cryogenic fluid from a second jet of cryogenic fluid. 

4. (Canceled) A mothod as in claim 3, whoroin tho jet of th e cryog e nie 
fluid i mpingoo on tho portion of tho tool ot on i mp i ngomont ahglo (a) groQtor than about ffl 
and locG than about 00^ 
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5. (Canceled) A mothod^s in c l a i m 3, whoroin tho jot of tha oryogonio 
flu i d imp i ngoc on the portion of tho tool at an Imp i ngomont anglo (a) groator than about 30^ 
and ioGO than about 00^, 

6. (Prevjously Presented) A method as in claim 1, wherein the jet of the 
cryogenic fluid impinges on the surface of the workpleoe ai a spread angle O) greater than 
about 0^ and less than atx>ut iaO^. 

7. (Canceled) A method for improv i ng at l oaot ono of a ourfaco f i n i oh and 
a suffaoo i ntegrity of a wor l <p l Qoo fomnod or chap e d with a too l , the workpl e o e having a 
surfaoo hardncGO, oomprising incr easi ng tho surfaoo hardness of tho workpioco prior to 
fonning or shap i ng tho workplooo with tho too l , or pr i or to and during fonn i ng or shaping of 
tho worlqaiooo with tho tool- 

8. (Canceled) A method as in cjaim 7, whoroin tho surface hardness of 
tho workpiooo io inc F e ase d by at l e ast on e of a h e at treatment, a chem i cal treatm e nt^ and - a 
moohanloa l- tr e atm e nt> 

9. (Previously Presented) The method of claim 1 v^erein said tool is a 
cutting tooi cOTiprlsing a rake face, and saM at least a portion of the tool is at least a portion 
of the rake face. 

1 0. (Original) A method for improving at least one of a surface finish and a 
surface integrity of a workpleoe fomied or shaped with a tool, comprising the steps of: 

providing a supply of a cryogen; 
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providing a nozzle adjacent the workpiece, the nozzle having 

at least one inlet adapted to receive a flow of the cryogen, 

an upstream portion in fluid communication with the at least 

one inlot, the upstream portion adapted to receive at least a portion of 

the flow of the cryogen from the at least one inlet, 

a downstream portion in fluid communicatic^ with the upstream 

portion and adapted to receive at least a portion of the flow of the 

cryogen from the upstream portion, and 

at least one outlet in fluid communication with the downstream 

portion and adapted to receive and transmit from the downstream 

portion at least a portion of the flow of the ciyogen; 

delivering a portion of the cryogen to the at least one inlet of the 
nozzle, wherein the cryogen is at least partially separated within the 
downstream portion of the nozzle into a condensed phase portion and a vapor 
portion; and 

jetting at least a portion of an expanding jet of the condensed phase 
portion and the vapor portion from the at least one outlet of the nozzle to the 
tool and a surface of the workplace. 

1 1 . (Original) A method as in claim 10, wherein the downstream portion of 
the nozzle has at least one diverging wall and at least one converging wall adapted to 
converge on the expanding jet. 
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12. (Original) A method as in claim 11, wherein the at least one diverging 
wall has a diverging angle and the at least one converging wall has a converging angle less 
than the diverging angle^ 

13. (Original) A method as in claim 11, wherein the diverging wall is open 
to an ambient atmosphere. 

14. (Previously Presented) The method of claim 10 further wherein the 
downstream portion of the nozzle has at least one diverging wall open to an ambient 
atmosphere and at least one converging wall adapted to converge on the expanding jet, and 
wherein the at least one diverging wall has a diverging angle and the at least one converging 
wall has a converging angle less than the diverging angle. 

15. (Previously Presented) A method for forming or shaping a woriqjiece 
having a surface hardness, comprising the steps of: 

provldlrtg a tool adjacent the wori<piece, the tool adapted to iom or 
shape the workplace; 

fonning or shaping the wori<piece with the tool; and 
increasing the surface hardness of the workpiece during forming or 
Shaping of the woriqDiece with the tool by jetting cryogenic fluid so that the jet 
of the cryogenic fluid impinges on at least a portion of the tool at an 
impingement angle (a) greater than about 30^ and less than about 90^, and 
then said cryogenic fluid impinges the worlcpieoe at a spreiSKi angle O). 

16. (Original) A worl<piece formed or shaped by a method as in claim 15 
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and characterized by an improved surface finish, an improved surface Integrity, or both an 
improved surface finish and an Improved surface Integrity. 

17. (Original) A workpiece as in claim 16. said worlcplece having a work 
surface roughness (Ra), wherein the work surface roughness (Ra) is equal to or less than a 
theoretical low roughness limit (Ra-t), calculated as Ra-t=f^ / (32 r)^ where f is a cutting tool 
feedrate and r Is a cutting tool nose radius. 

18. (Original) A workpiece as in claim 16, wherein the workpiece has a 
formed or shaped work surface characterized by an improved residual stress, sahJ Improved 
residual stress being more compressive, deeper extending, or both more compressive and 
deeper extending than another residual stress that would be obtained by forming or shaping 
the workpiece without Increasing the surface hardness of the workpiece during forming or 
shaping of the workpiece. 

19. (Original) A workpiece as in claim 16, wherein the woricpiece contains 
at feast one metallic alloy having at least one element selected from a group consisting of 
cobalt (Co), chromium (Or), molybdenum (Mo)^ nickel (Ni), iron (Fe), tungsten (W)» aluminum 
(Al), and titanium (Ti). 

20. (Original) A worlqpiece as in claim 16, wherein at least a portion of the 
workpiece is in a fonm selected from a group consisting of a cast form, wrought form, powder 
metallurgy form, and composite form. 
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21 . (Original) A workpiece as in claim 16, wherein the workpiece contains 
at least one polymer or at least one polymer-based composite. 

22. (Original) A workpiece as in claim 16, wherein the workpiece has a 
formed or shaped work surface characterized by at least one of an improved fatigue strength, 
an Improved fatigue life, an Improved stress-cracking resistance, and an improved corosion 
resistance. 

23. (Canceled) A method for machining a workplooo having a surface 
hardnoegj comprising the steps - of: 

providing a cutting -too l adjacent tho workpioGQ, tho cutt i ng tool 
adapted to ohapo the wori^piooo; 

ehQ|;irfng th e woriqji e oo with tho cutting tooMvhHo cooling with a 
cryogon i o fluid at loaot a po rt ion of tho tool, or ot l oacrt a portion of th e 
w e f kp i eocs, - or at l east a |x>rtion of tho tool and at least a portion of tho 
workpioGo; and 

incroasing tho surtaoo hardnooo of tho woritpioco during shap i ng of tho 
workplooo with tho cutting tool, whoroin th e — shaped workpiece is 
oharaotor i zod by an improved curfaoo finish having a work ourfaoQ roughness 
(Ra) equal to or le s s than -a - thoorotioal l ow roughness (Imlt (Ra t), caloulatod 
as Ra - t i ^ / (32 r), whoro f i o a cutting too l foodrate and r is a cutting too l nooo 

24. (Canceled) A method tor manufaoturing a finiehed part or a fin i chod 
pfoduot from a workpi e c e hav i wg - Q - ourfaoo hardnooo^ ooiwprlo l ng tho otopo of: 
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providing a too l adjac e nt the workpteoe/ tt^Q - toQl - adapto€ l- to 4 Q tf ^ 
sha p e th a workpt e oe; 

form i ng or shaping the workp i ooo w i th the tool; 

increasing the suffaco ha f dno s s - of - thc wofkpioGO during forming or 
s haping of tho- w o t tep i eoo w i th tho too l by cool i ng wth a oiyoge wi o fluid at l east 
Q portion of tho workpiooo, or at loaot q portion of tho too l and at looot a 
portion of the wprkpioco; and 

manufacturing the ^ fin i shed part or th e finish e d produot from tho 
worKp l Qco ohapod or formed with tho tool whoroin tho finished part or th e 
fin l Ghod product lo manufaoturod from tho workpiooo without using at lea s t 
ono addit i ona l —oporatiQn noodod by at l oast on e othor method for 
manufacturing a comparab l o finichod part or a oomparab l o finished proefaei 
which tho othor method forme or chapoo from a comparab l e workpiec e hav i n g 
a comparablo ourfaco hardnoco without incroaslng tho - oomparab le s urf ae e 
hardnoop of tho comparab l o wori<pioco during fonning or shaping of tho 
oomparablo woriqjiooo, oaid at loaot ono additiona l- op e ration being ooloctod 
from Q group oonolotlng of grinding, po l iohlng, honing, dobufrlng, pe e ning, 
tumbling, burnishing, d ee p roHlngi soft annoa l ingt ooft mach i ning^ soft shaping, 
soft forming^ and wori^ part c le an i ngi - 

25. (Canceled) A method ao in claim 2^, whoroin tho f i nlshod part or tho 
finichod product io manufaoturod from tho workpiooo without uo i ng at l e ast ono additional 
op e rat i on n ee d e d by at l e ast one oth e r m e thed - fewHanufaoturing a comparable finished part 
or a - GQmpa i= abto - ftn is ftod" P F OduGt" - w h to^ the oth e r mothod forms or shapoe from a 
comparab l o workpiooo having a comparg^ l e s urface hardnoco without i noroac i ng tho 
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oomparabto -s wfOGO - hafdnoss of th a oompamb l o wor l cp i OGO during forming or shaping of tho 
Gomparabto workp l eoei said at le act ono additional oporatton being oo l ootod from a group 
consisting of grinding, - polishingi honing, doburring, pooning, tumbling, burnioh i ng, doop 
roll i ng, soft annoa l ing, soft machining, soft -e haping, soft forming, and work port o l oan i ngj 

26. (Canceled) A f i n l ohod part or a finiohod product manufacturod by a 
mothod ao in claim 34 and oharaoteriz e d by a roducod manufacturing cost, oa l d roducod 
manufacturing cost be i ng l ess than q h i gher manufacturing cost for a comparab l o finished 
part or a comparab l e fin i ohod product manufacturod by at leact ono other mothod wh i ch 
forms or shapes a comparable wori<ptoco having a comparablo ourfaco hardnooo without 
incroao i ng tho comparablo curfaee -t Kirdneso of tho comparablo workplace during fonming or 
chaping of tho comparab l o workpioco. 

27. (Canceled) Tho mothod of claim Si whoroin oa l d too l io a cutting tool, 

28. (Previously Presented) An apparatus for improving at least one of a 
surface finish and a surface integrity of a woricpiece fonfned or shaped with a tool, the 
workpiece having a surface hardness, comprising means for increasing the surface hardness 
of the workpiece during forming or shaping of the workpiece with the tool, wherein said 
means for Increasing the surface hardness of the workpiece during fonming or shaping of the 
workpiece with the tool comprises a Jet of cryogenic fluid impinging at least a portion of the 
tool at an impingement angle (a) greater than about 30* and less than about 90^, and then 
said cryogenic fluid impinges the workpiece at a spread angle (P). 
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29. (Previously Presented) An apparatus as in claim 28, wherein the 
spread angle (p) is such that the cryogenic fluid impinges at least the entire length of contact 
between the too! and the workpiece. 

30. (Previously Presented) An apparatus as In claim 29. further 
comprising a second jet of the cryogenic fluid that impinges on a portion of the tool or a 
portion of a surface of the workpiece* 

31. (Canceled) An apparatus as i n claim 30, whoroin tho jot of th e 
oryogon i o flu i d impingoc on tho portion of tho too l at an impingomont angle ( o^roator than 
about (fi and loco than about QOP. 

32. . (Canceled) An apparatuo ao In claim 30, whoro i n tho jot of tho 
oryogon i o flu i d Imp i ngoo on tho portion of tho tool at an impingomont angle (a) groator than 
about 30 S and les s than about 00^, 

33. (Original) An apparatus as in claim 30, wherein the jet of the cryogenic 
fluid impinges on the surbce of the worfcpiece at a spread angle O) greater than about 0^ 
and less than about 180®. 

34. (Canceled) An apparatos - for Improving at l oact ono o f a ourfaoo finich 
and a surface integrity of a workpiooo formed or ohapod with a tool, tho wor l <ploco having a 
surfac e hardnooo, oompriGing moans for ino r oasing tho ourfaco hardnoss of tho workp i ooo 
p fi or - to fonn i ng or s haping tho workpiooo w i th tho tool, or prior to and during fomi i ng or 
shaping of tho workpioco with the tool. 
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35. (Canceled) An opparotuo ao i n c l aim 3^, whoro l n tho Gurfaoo 
hardnooo of tho workpiooo io i noroaood prior to forming or shaping tho workpiooo w i th the 
tool by at l oaot ono of a hoat troatmont, a chemica l tr e atmont, and a moohan i oa! tmatmont. 

36. (Previously Presented) The apparatus of claim 28, said tool is a cutting 
tool comprising a rake face and said at least a portion of the tool is a portion of said rake 
face. 

37. (Original) An apparatus for improving at least one of a surface finish 
and a surface integrity of a workpiece formed or shaped with a tool, comprising: 

a supply of a cryogen; 

a nozzle adjacent the workpiece, the nozzle having 

at least one inlet adapted to receive a flow of the cryogen, 

an upstream portion in fluid communication with the at least - 

one inlet, the upstream portion adapted to receive at least a portion of 

the flow of the cryogen from the at least one inlet, 

a downstream portion in fluid communication with the upstream 

portion and adapted to receive at least a portion of the flow of the 

cryogen from the upstream portion, and 

at least one outlet in fluid communication with the downstream 

portion and adapted to receive and transmit from the downstream 

portion at least a portion of the flow of the cryogen; 

means for delivering a portion of the cryogen to the at least one inlet of 
the nozzle, wherein the cryogen is at least partially separated within the 
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downstream portion of the nozzle into a condensed phase portion and a vapor 
portion; and 

means for jetting at least a portion of an expanding jet of the 
condensed phase portion and the vapor portion from the at least one outlet of 
the nozzle to the tool and a surface of the workplece. 

38. (Original) An apparatus as in claim 37, wherein the downstream 
portion of the nozzle has at least one diverging wall and at least one converging wall adapted 
to converge on the expanding Jet. 

39. (Original) An apparatus as In claim 38, wherein the at least one 
diverging wall has a diverging angle and the at least one converging wall has a converging 
angle less than the diverging angle. 

40. (Original) An apparatus as In claim 38, wherein the diverging wall is 
open to an ambient atmosphere. 

41, (Previously Presented) The apparatus of claim 37 wherein the 
downstream portion of the nozzle has at least one diverging wall open to an ambient 
atmosphere and at least one converging wall adapted to converge on the expanding jet, and 
wherein the at least one diverging wall has a diverging angle and the at least one converging 
wall has a converging angle less than the diverging angle. 

42. (Previously Presented) An apparatus for forming or shaping a 
workplece having a surface hardness, comprising: 
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a tool adjacent the workpiece, the tool adapted to form or shape the 
workplece; 

means for fonning or shaping the workpiece with the tool; and 
means for increasing the surface hardness of the workpiece during 
forrhing or shaping of the workpiece Vv'ith the tool wherein said means for 
increasing the surface hardness of the workpiece during fonning or shaping of 
the workpiece with the tool comprises a jet of cryogenic fluid imfMnging at least 
a portion of the tool at an Impingement angle (a) greater than about 30» and 
less than about 90^, and then said cryogenic fluid impinges the workpiece at a 
spread angle (P). 

43. (Original) A workpiece fomned or shaped by an apparatus as in claim 
42 and characterized by an improved surface finish, an improved surface integrity, or both an 
improved surface finish and an improved surface integrity. 

44. (Original) A workpiece as in claim 43, said workpiece having a work 
surface roughness (Ra), wherein the work surface roughness (Ra) is equal to or less than a 
theoretical low roughness limit (Ra-t)« calculated as Ra-t=^ / (32 r), where f is a cutting tool 
feedrate and r IS a cutting tool nose radius. 

45. (Original) A workpiece as in claim 43, wherein the workpiece has a 
fonmed or shaped work surface characterized by an improved resklual stress, said improved 
residual stress being more compressive, deeper extending, or both more compressive and 
deeper extending than another residual stress that would be obtained by fomning or shaping 
the workpiece without using a means for increasing the surface hardness of the workpiece 

13 



PAGE 14/22 ' RCVD AT 8/27/2007 6:30:01 PM [Eastern Daylight ri^^^ 



PUG 27 '07 19:36 FR 



6104812407 TO 915712738300 P- 15/22 



Appl. No. 107809,773 

during forming or shaping of the workptece. 

46. (Original) A workpiece as in claim 43, wherein thd workpiece contains 
at least one metallic alloy having at least one element selected from a group consisting of 
cobalt (Co), cbTOmium (Cr), molybdenum (Mo), nickel (Ni), iron (Fe), tungsten (W), aluminum 
(Al), and titanium (Ti). 

47. (Original) A workpiece as in claim 43. wherein at least a portion of the 
workpiece is in a fomn selected from a group consisting of a cast form, wrought form, powder 
metallurgy fomn, and composite fonm. 

48. (Original) A workpiece as in claim 43, wherein the workpiece contains 
at least one polymer or at least one polymer-based composite. 

49. (Original) A workpiece as In claim 43. wherein the workpiece has a 
fonmed or shaped work surface characterized by at least one of an improved fatigue strength, 
an improved fatigue life, an improved stress-cracking resistance, and an improved corrosion 
resistance. 

50. (Original) An apparatus for machining a workpiece having a surface 
hardness, comprising: 

a cutting tool adjacent the workpiece, the cutting tool adapted to shape 
the workpiece; 

means for shaping the workpiece with the cutting tool; and 

means for increasing the surface hardness of the workpiece during 
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shaping of the workpiece with the cutting tool, wherein the shaped workpiece 
is characterized by an improved surface finish having a work surface 
roughness (Ra) equal to or less than a theoretical low roughness limit (Ra-t), 
calculated as Ra-t^ / (32 r), where f Is a cutting tool feedrate and r is a 
cutting tool nose radius. 

51. (Canceled) An apparatuo for manufaoturing a fintohod part or q 
finichod product Iron) a workpiooe hav i ng a ourfaoo hardnocc, compr i s i ng: 

a r- too l- adjacent th e workpiooo, tho tool adapted to fonm or ohapo the 
workp i ooo; 

moanc for fomilng or shaping tho workpiooo with the too l ; 

means tor inor e ao i ng tho curfaoo hardnooo of tho workp i oce - <ikiring 
forming or shap i ng of th e workpiooo with tho too l , wherein oa i d moans for 
inoroaoing tho suffaco hardn e ss of tho workp i ooo during forming or chaping of 
tho workpiooo w i th tho tool dompricoc moans for jotting a oryogon at s a M 
wor l ^piooo or at oaid worl^plooo and sa i d tool>; and 

mo aB S - for manufaoturing tho finichod part or tho finiohod product from 
tho workpiooo ohapod or formed with tho too l whoro i n tho finichod part or tho 
finish e d product Id manufaoturod from - the workpiooo without using at loact 
on e additional operation needed by at loact ono other apparatuo for 
manufacturings comparable f i n i chod part or a oomparablo finish e d product 
which tho othor apparatus fonmc or chapoo from a oomparablo workpiece 
having a oomparablo curfaco hardnoGO without InoroaGing tho comparab l e 
curfaoo hardnocc of tho oomparablo workpiece dur i ng fonning or shaping of 
tho oomparablo workpioco, said at l oact ono addit i onal oporation t)elng 

15 



PAGE 16/22 ' RCVD AT 8/27/2007 6:30:01 PM [Eastern Daylight ^^^^^ 



flUG 27 '07 19:36 FR 



6104812407 TD 91571273B300 . P. 17/22 



AppL No, 10/809.773 

coloctod from a group oonototing of grinding, pol l ohing, hon i ng, doburr i ng, 
peon i ng, tumb li ng^ bumichingp doop ro lli ng^ soft anffcalingi, soft machining, 
soft shap i ng, soft formi w gr - a f Kt -W Q i4 ^ part otoan i 

52. (Canceled) An apparatuo ao in Glaim 61, whoroin tho f i nished part or 
tho finlphod produot is manufactur e d from th e woritp i ec e without uc i ng at loa&t ono additiona l 
operat i on needed by - at l oaot ' O W O other apparatuo for manufactur i ng a oomparablo finiohod 
part or a comparablo f i n i ohod product which tho othor apparatuo formo or shapes from a 
comparab l e workp l oc e -havi tt g - a comparablo curfaco hardnocc without i ncroas i ng the 
oomparablo Gurfaco hardn es s of tho oomparab l o ¥vorkp i ooo during fonming or shaping of th e 
comparab l o workp i oGQ, said at -l oaat - ono add i tional oporation b ei ng coloctod from a group 
oon ste t 4< ^of grinding, pol i sh i ng, honing, doburring, peen i ng, tumbling, bum i oh i ng, doop 
rol l ing, soft annealing, soft machin i ng, soft shap i ng, softfonning, and work part oloaning. 

53. (Canceled) A f i niohod part or a finiohod product manufactured by an 
apparatus as in claim 61 and oharact e r 4 2 e d - by a roducod manufacturing cost, said roduood 
mantitesttiring cost being loss tha n -a higher manufacturing ooct for a comparab l o finish e d 
part or a comparab le f i n ie h e d pn^duct manufacturod by at looet ono other apparatus wh i ch 
fomis or shapes a comparablo workp i ooo having a comparablo curfaoo hardnoss without 
i noroac i og tho oomparablo ourfaoo hardness of tho comparab le wori<pioQO during forming or 
shaping of tho companabid woricpioco. 

54. (Canceled) Tho apparatus of claim 61 whor oi n said tool io a cutting 
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55. (Original) A nozzle for jetting an expanding jet of a cryogen to a 
surface of a workplece, comprising: 

at least one inlet adapted to receive a flow of the cryogen; 

an upstream portion in fluid communication with the at least one inlet, 
the upstream portion adapted to receive at least a portion of the flow of the 
cryogen from the at least one inlet; 

a downstream portico in fluid communication with the upstream portion 
and adapted to receive at least a portion of the flow of the cryogen from the 
upstream portion; 

at least one outlet in fluid communication with the downstream portion 
and adapted to receive and transmit from the downstream portion at least a 
portion of the flow of the cryogen; and 

^ means for separating the cryogen at least partially into a condensed 
phase portion and a vapor portion within the downstream portion of the 
nozzle. 

* 

56. (Original) A nozzle as in claim 55, further comprising an internal 
expansion chamber adapted to confine the expanding jet of the cryogen, wherein the nozzle 
is adapted to clamp a cutting tool having a tool rake surface. 

67. (Original) A nozzle as in claim SS, wherein the downstream portion of 
the nozzle has at least one diverging wall and at least one converging wall adapted to 
converge on the expanding jet of the cryogen. 
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58. (Original) A nozzle as in claim 57, wherein the diverging wall has a 
diverging angle and the converging wall has a converging angle less than the diverging 
angle. 

59. (Original) A nozzle as in claim 57, wherein the diverging wall is open 
to an ambient atmosphere. 

60. (Previously Presented) The nozzle of claim 55, further comprising an 
internal expansion chamt^er adapted to confine the expanding jet of the cryogen, 

wherein the downstream portion of the nozzle has at least one 
diverging wall open to an ambient atmosphere and at least one 
converging wall adapted to converge on the expanding Jet of the 
cryogen, and 

wherein the diverging wall has a diverging angle and the 
converging wall has a converging angle less than the diverging angle, 
and 

wherein the nozzle is adapted to clamp a cutting tool having a tool rake surface. 
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